after operation, and the results in 5 patients are shown in Table 2 . The relief of pulmonary hypertension occurs when the defect is closed, and there is no evidence, on these figures, of lat'e relief of the residual pulmonary hypertension due to gradual resolution of organic pulmonary vascular changes. Changes in the electrocardiogram: Nearly all the patients developed right bundle branch block after operation, the main exception being those with supracristal defects. In many patients the branch block is complete, and is associated with striking T-wave inversion from V1 to V. or further.
Although these changes look unpleasant (Fig 2) there is no detectable cardiac disability. In a few patients followed for a year or more after operation the ECG changes have tended to regress.
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Isotopes in Medicine
Professor G M Wilson (Sheffield) Radioactive Isotopes in Diagnosis Radioactive isotopes have been used for over ten years as investigative agents in clinical medicine and have been employed as aids to diagnosis in a very wide variety of conditions. Certain general principles underlie their use in the study of disease processes. The tissues of the body handle in the same way the naturally occurring form and the radioactive isotope of an element. The isotope can be readily identified, followed through the body and measured in body fluids and excreta by the characteristic radiations which it emits. The radioactive isotope may be administered in a simple inorganic form to trace an element naturally present, for example iodine. It may be incorporated in a complex molecule by synthesis outside the body and then administered in this form to trace the compound, for example 58Colabelled vitamin B12. Certain elements are taken up by particular cells and bound relatively firmly: 56Cr can be used to label red cells in this way and their survival in the blood stream can be followed. No clear distinction can be drawn between the diagnostic use of radioisotopes and their employment in clinical investigation and research. I review here their advantages and limitations in some thyroid, gastroenterological and heematological disorders.
Thyroid Disorders
The thyroid gland concentrates iodide from the plasma and utilizes it in the formation of the hormones thyroxine and triiodothyronine. The passage of iodide into the thyroid and its subsequent release in an organic protein-bound form can be traced by using a radioactive isotope of iodine. Those in common use are l1l1 and l321. The latter has a short half-life of 2-3 hours. This has the advantage that it gives only a small irradiation dose to the gland, but greatly restricts its clinical use. 1311, with a half-life of eight days, is more generally useful but it should be employed in children only in exceptional circumstances. A great variety of clinical tests have been devised employing 1311 to assess thyroid function.
The assumption is made that the distribution of the tracer dose between the thyroid, blood and urine reflects the activity of the gland in the synthesis and secretion of hormone. The interpretation of the tests is usually straightforward, hypothyroidism being associated with a decrease in thyroidal uptake of 131I and hyperthyroidism with an increased uptake and passage of a higher fraction of the dose into the blood in protein bound form (P.B. 131I Alimentary Disorders Fat absorption: The analysis of faces for fat content is tedious and unpleasant and it is not surprising that an attempt is being made to develop isotopic methods which may circumvent these difficulties. Triolein and oleic acid may be labelled with iodine-131 monochloride. The extent to which the iodine is absorbed from the alimentary canal after oral administration is determined by collecting the faces and determining the proportions of the dose recovered in this way. The faces can be collected in tins which are sealed and can be assayed for radioactivity without any further preparation. This is clearly much simpler than chemical analysis. The accuracy of the method depends amongst other things on the 1311 label remaining intact while the radioiodinated triolein is in the alimentary canal and on the absence of secretion of any absorbed 1311 into the alimentary canal. Excess stable iodide is given to prevent thyroidal uptake of 131I and to ensure that any 1311 released in the body is excreted in the urine. In normal subjects less than 5 % of the dose is excreted in the faces. The radioiodinated triolein method of detecting steatorrhoea is still under investigation. Attempts to dispense with stool collections and to determine the result on measurements of blood or urine radioactivity have not so far proved successful. The general conclusion -of most investigators is that the radioiodinated triolein test with fmcal counting is a useful screening measure for detecting steatorrhea but has definite limitations.
Investigations are continuing into variables that may influence the results, such as the quantity and nature of the fat given with the triolein (Cox 1961, personal communication) . At present there is no doubt that the chemical ftcal fat determination is a -more sensitive and reliable index of steatorrhaea (Pimparkar et al. 1960 ).
Protein-losing enteropathy: Recently it has been recognized that in some cases of hypoproteinmmia there may be an excessive loss of albumin into the alimentary canal. This may be demonstrated by the intravenous injection of 1311-labelled human serum albumin and determining the fraction excreted in the feces (Jarnum & Petersen 1961) . 1311-labelled PVP (polyvinylpyrrolidone) may be used in the same way; it has a molecular size similar to human serum albumin but is not so liable to destruction in the alimentary canal (Gordon 1959 ).
Hwmatological Disorders -8Co-labelled vitamin B12 is now extensively used for detecting abnormalities in the absorption of the vitamin. This investigation is certainly not required in the routine investigation of pernicious anemia but is often requested because treatment has been started with vitamin B12 without an adequate hiematological investigation. The absorption defect of pernicious anxemia persists even though the abnormalities in the blood and marrow have been corrected by vitamin B12. A normal absorption test indicates that the patient does not suffer from pernicious anemia. An oral dose of 0-5 -1.0 jig of labelled B12 is given when the patient is fasting. The amount excreted in the faces may be measured or alternatively a large (1 mg) parenteral dose of unlabelled vitamin B12 may be given at the same time as the oral tracer dose (Schilling 1953) . This 'flushes' out in the urine a high proportion of any 58Co-labelled vitamin B12 that has been absorbed. This method is more convenient as the urine collection lasts only twenty-four or forty-eight hours in contrast to several days of frecal collecting. Moreover the radiation hazard is considerably decreased as most of the dose of the radioisotope is excreted and not stored in the liver. It has the disadvantage of involving a parenteral dose of vitamin B12, which might confuse subsequent hmmatological investigations in doubtful cases, but it is the simplest and most convenient method of assessing vitamin-B12 absorption, has been extensively employed and, apart from patients with renal disease affecting excretion, gives reliable results. Nevertheless, if a quantitative measure of vitamin-B12 absorption is required fecal counting is essential. The use of 58Co-labelled vitamin B12 has added greatly to the precision of diagnosis in many unusual cases of megaloblastic anemia, especially those in young patients in whom gastric hydrochloric acid secretion may not be impaired. It is also possible to detect with the radioactive test defective vitamin-B12 absorption before definite megaloblastic changes have appeared in the marrow and we have found the method particularly useful in studying anemia associated with myxcedema (Tudhope & Wilson 1960).
51Cr has been widely used for labelling red cells. The label is firmly secured in the red cell and it is thus possible to follow the life of the labelled cells in the blood stream. Though the method is simple, particularly in comparison with the Ashby technique, there are often many difficulties in the interpretation of the curves. Useful information may be obtained in the investigation of hematological disordersand of. gastrointestinal h.emorrhage (Hayter 1960) . Surface counting over the liver and spleen gives an indication of the rate of accumulation of 51Cr in these organs. The quantity in the spleen may become very large in hiemolytic anaemia.
Investigations with the isotope 59Fe have afforded much information about iron absorption and metabolism and have greatly increased our understanding of the dynamic aspects of many blood disorders. From the viewpoint of clinical diagnosis they are most important in demonstrating the activity of erythropoietic tissue. With the use of 51Cr and 59Fe together, simultaneous measurements of red cell survival and marrow activity may be made. Surface counting over heart, liver, spleen and sacrum may provide qualitative information useful in determining the rates and sites of red cell production and destruction though the precise interpretation of the results may be difficult and occasionally unreliable in predicting the effect of splenectomy.
Radiation Exposure and Health Hazards
It is probable that internal irradiation of tissues from administered artificial radioactive isotopes carries the same dangers as an equivalent exposure to ionizing irradiation from an external source. In all diagnostic investigations the exposure should be kept as small as possible. Fortunately advances in design of equipment are enabling accurate measurements to be made with smaller doses of radioactivity. Particular care must be taken if the isotope is concentrated in one tissue or organ such as bone or thyroid and it is especially desirable to avoid exposure of infants and young children to irradiation. Clearly in each case the possible hazard and the value of the information that might be obtained from the investigation must be balanced.
Conclusion
Now that radioactive isotopes have been available for a considerable period it is becoming possible to estimate the contribution that they may make to clinical investigation. The progress of a new radioisotope technique often resembles that of a new drug. Early enthusiasm gives way to later disillusion and finally a balanced judgment is obtained. Isotopic methods give the most useful and reliable information when they are combined with chemical or other measurements. Like all other laboratory methods radioisotope techniques can never offer a shilling-in-the-slot diagnosis and the results must always be considered in relation to the clinical conditions. Dilution analysis is a familiar procedure well used in medicine before nuclear physics made its impact. It includes the dilution method of determining a physiological space, for example, using a dye for estimating plasma volume or uregfor total body water. The dye is merely a marker' or label, for the plasma, and its degree of dilution (when corrected) is a direct measure of the plasma volume.
Radioactive isotopes extend the method to include a range of physiological 'spaces' and also render the procedure easier and more accurate. Dilution can be applied to the assay of a compound provided a radioactive label can be incorporated in a separately prepared sample of the compound. Here the 'space' through which the dilution occurs is the total mass of the compound to be assayed rather than a geometrical space or a more abstract physiological space (Fig 1) .
Activation Analysis
A recent annotation in the Lancet (1961 ) reviewed medical implications of the phenomenon of 'activation' when elements are exposed to bombardment by neutrons. Analysis by utilizing the phenomenon has only become possible since the advent of the high neutron flux of the nuclear reactor.
A sample of material, say a physiological fluid or a piece of tissue, is placed in the reactor.
Many of the atomic nuclei in the sample are transformed into radioactive isotopes of the original element and hence their presence is manifested by the characteristic radiations. Theoretically analysis in terms of elements is thus possible without destruction of the sample but there are inherent limitations and technical difficulties limit The method can be represented by a block diagram (Fig 2) . The material to be assayed, typically a trace element such as arsenic, can be represented by the left hand block and the labelling of it is carried out by neutron-induced transformation to radioactive arsenic. Carrier arsenic is added before extraction and measurement of the specific activity of a sample.
Derivative Analysis
The dilution technique consists essentially of labelling a population by mixing into it marked additions; neutron activation goes a step farther and induces a transformation in the members of the population but it is limited to certain elements. To use an isotopic method for assaying a compound one can cause it to react with another, radioactively labelled, compound thus obtaining a radioactive derivative of the original material. Such a procedure is called derivative analysis. Whitehead & Beale (1959) used this method for the assay of thyroxine (T4) in blood. In order to 'activate' the thyroxine they added tritiated acetic anhydride thus producing the radioactive derivative 3H-acetyl-T4. In order to eliminate errors caused by loss of material during purification and extraction carbon-14-labelled acetyl T4 was added to the derivative. The ratio of 3H activity to 14C activity in a sample of pure material is a function of the amount of T4 in the original blood sample. This is another powerful tool for the detailed investigation of a number of medical problems. Its application requires complex chemical facilities so development of the method may be restricted.
Saturation Analysis
An elegant principle of analysis, which is, in certain cases, much simpler to apply than the last two methods, was proposed by Ekins (1961, in press) and called by him 'saturation analysis'.
Three pre-requisites are necessary. The compound Pto be assayed must be such that it will form a complex with a further substance Q; free P must be capable of physical separation from the P-Q complex; a supply of P must be available, radioactively labelled.
It will be appreciated that the first requirement is frequently met in biological systems: hormones which occur both free and in association with carrier proteins; proteins which occur free or as an antigen-antibody complex; vitamins which can also occur either free or in combination. A number of techniques are available to separate the free material from the complex: electrophoresis, chromatography and dialysis, to mention but three. Ekins (1960) applied the principle to thyroxine assay and evolved a procedure which is now in routine hospital use. He predicted that it could be used for the assay of insulin, and Yallow & Berson (1960) have, in fact, independently developed such a technique although they appear not to have generalized it. More recently Barakat & Ekins (1961) have adopted the principle to the assay of vitamin B12 with remarkable success. It is probable that further examples will be forthcoming in the future.
